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Due to the constant changes in the global economy, it is hard for companies to balance 
operational concerns with long-term strategic objectives. The management control system 
plays a key role in the implementation of the strategy and in the performance of the 
company. The traditional budget management control system does not allow for the 
handling of increasingly complicated organizational dynamics and continuous planning. 
That is why some companies have chosen an alternative solution – the replacement of 
budgeting with other management control systems such as Beyond Budgeting (Hope, et 
al., 1997). The Balanced Scorecard (BSC) is a support tool of Beyond Budgeting that 
translates a company's vision and strategy into a coherent set of performance measures. 
One of the drawbacks of the BSC is the missing strategic plan (plan of initiatives) 
selection. The selection of a strategic plan as a decision problem involves multiple goals 
and objectives that are very often conflicting and incommensurate.  So, in this study an 
integrated approach AHP-Goal Programming is used to select a strategic plan (plan of 
initiatives) which optimizes all objectives and goals. First, the Analytic Hierarchy Process 
(AHP) is used to evaluate the relative importance of the initiatives with respect to 
financial indicators / KPIs. Second, the Goal Programming (GP) model incorporating the 
constraints and AHP priority scores is formulated to select the best set of initiatives that 
will maximize EBIT and minimize Capital Employed. Then a case study is presented in 





Devido às constantes mudanças na economia global, é cada vez mais difícil para as 
empresas encontrarem um equilíbrio entre problemas operacionais e objetivos 
estratégicos de longo prazo. O sistema de controlo de gestão desempenha um papel 
fundamental na implementação da estratégia e no desempenho da empresa. O sistema 
tradicional de controlo de gestão orçamental não permite lidar com a crescente e 
complexa dinâmica organizacional e planeamento contínuo. Por este motivo, algumas 
empresas escolheram uma solução alternativa – a substituição do orçamento por outros 
sistemas de controlo de gestão, como é o caso do Beyond Budgeting. (Hope,et al.,1997). 
O Balanced Scorecard (BSC) é uma ferramenta de suporte do Beyond Budgeting que 
traduz a visão e a estratégia de uma empresa num conjunto coerente de medidas de 
desempenho. Uma das desvantagens do BSC é o facto de não contemplar a seleção do 
plano de estratégia (ou plano de iniciativas). A seleção de um plano de estratégia enquanto 
problema de decisão envolve frequentemente múltiplas metas e objetivos que muitas 
vezes são conflituosos e incomensuráveis. Tendo por base estas características do 
problema, neste estudo propomos a aplicação de uma abordagem integrada AHP-Goal 
Programming na seleção de um plano de estratégia (plano de iniciativas) que otimiza 
todos os objetivos e metas. Em primeiro lugar, o Analytic Hierarchy Process (AHP) é 
utilizado para avaliar a importância relativa das iniciativas em relação aos indicadores 
financeiros / KPIs. Em segundo lugar, um modelo de Goal Programming (GP) que 
incorpora as restrições e as pontuações prioritárias do AHP é formulado com o objetivo 
de selecionar o melhor conjunto de iniciativas, i.e. o conjunto que irá maximizar o EBIT 
e minimizar o Capital Empregue. A metodologia proposta é empiricamente avaliada com 
recurso a um caso de estudo.  
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Chapter 1 – Introduction 
1.1 Motivation and objectives 
In the constantly changing global economic situation, it is hard for companies to balance 
real operational concerns with long-term strategic objectives. Kaplan and Norton (2008) 
state that “world-class processes won’t lead to success without the right strategic 
direction, and the best strategy in the world will get nowhere without strong operations 
to execute it”. Organisations can differentiate themselves in this fast-paced and complex 
environment through strategic planning, thereby creating a competitive advantage.  
Management control system plays a crucial role in the implementation of the strategy and 
in the performance of the organisation. “Budgets have long been the dominant instrument 
for management control. In recent years however, alternative approaches to management 
control such as Beyond Budgeting have been launched. This new approach to 
management control attempts to respond to the shortcomings of budgets which are time 
consuming and focus on cost reduction rather than on the creation of value” (Østergen, et 
al., 2011, p.1). Beyond Budgeting appears to be more closely connected to an 
organisation´s strategy and allows for changing fixed annual plans to continuous 
planning. 
One of the support tools of Beyond Budgeting is the Balanced Scorecard (BSC). It is a 
conceptual framework and its function is to translate strategic objectives of a company 
into a set of operational attributes. The BSC is a tool that can be applied towards different 
means. As a tool of empowerment, the impact can be positive, but as a tool of command 
and control the impact will invariably be negative with people seeing more work and 
fewer benefits (Hope, et al., 2006).  
The selection of a strategic plan as a decision problem involves multiple goals and 
objectives. Although these objectives can be complementary, very often they are 
conflicting and incommensurate. So it becomes difficult to select a strategic plan (plan of 
initiatives) which optimizes all objectives and goals simultaneously. Since there is no 
strategic plan selection in the performance of the BSC, such a decision can be improved 
using a multi-objective optimization method – in our case the AHP-Goal Programming 
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(AHP-GP). The applicability of this approach is wide. It can be applied to logistics (Ho, 
2007), manufacturing (Bertolini, et al., 2006; Ayag, et al., 2007; Arunraj, et al., 2010), 
management (Krüger, et al., 2006; Liao, 2011; Ku, el al., 2010) and finance (Sedzro, et 
al., 2012). It has been demonstrated to be an efficient and effective tool for modelling and 
analysing problems that involve multiple and conflicting objectives and thus finding 
solutions, involving tradeoffs. 
 This study is being elaborated during the traineeship integrated at Group Nors in the 
department of Planning and Performance management. The company has recently 
replaced the traditional budget model with the Beyond Budgeting model. Changing the 
control management model has increased the responsibility of all the companies in the 
group to achieve results. In this sense, it is necessary to precisely define a strategic plan, 
the plan of initiatives. 
The study aims to develop a model which integrates the financial vision of the strategy 
with a strategic plan (plan of initiatives) taking into account the restrictions on each 
objective and initiative and also the relative importance of goals. 
The relevance of this study is enhanced through the motivations of the researcher: 
 to directly and on a professional level be able to use the knowledge obtained 
during the master´s degree; 
 to solve a real multi-objective decision problem, where the objectives are 
conflicting and incommensurate; 
 to contribute towards the company's management model which can help improve 
the performance and subsequently achieve the expected objectives.  
1.2 Outline of dissertation 
The dissertation is divided into 5 chapters. 
The first chapter is an introduction to the case study including the motivation and the 
objectives of the researcher.  
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Chapter 2 presents the theoretical background. This chapter includes a short introduction 
to strategy, discussion on the management control system Beyond Budgeting and the 
BSC. 
The third chapter provides a general review of multi-objective optimization, with 
emphasis on Goal Programming (GP) and on the AHP-GP approach. Also, it includes the 
description of the problem and the explanation of the proposed methodology to solve this 
problem. 
The fourth chapter is dedicated to project development. It starts with a short presentation 
of the company. Then, it gives a brief explanation of some issues that have relevance to 
the project including organizational structure, planning and application of the Beyond 
Budgeting model. Details of the procedure implementing the proposed method are 
presented and then followed by its application to a real numerical example. 
To conclude, Chapter 5 highlights the contributions of this work, as well as the results 






Chapter 2 – Theoretical background 
2.1 Strategy   
Strategy helps to find the direction and sequence of operations within an organisation and 
plays a key role in achieving the proposed goals.  
The term strategy has various definitions. Alfred Chandler defined strategy as “the 
determination of the long-run goals and objectives of an enterprise and the adoption of 
courses of action and the allocation of resources necessary for carrying out these goals” 
(Chandler, 1962, p.16). The definition of strategy by Kenneth Andrews is “strategy is the 
pattern of objectives, purposes or goals and the major policies and plans for achieving 
these goals, stated in such a way as to define what business the company is in or is to be 
in and the kind of company it is or is to be” (Kenneth, 1971, p.28). 
Both of these definitions point out that strategy is focused on achieving certain objectives 
and goals and that it implies consistency and integration. 
Strategy is also understood as “the long-term direction of an organisation” (Johnson, et 
al., 2011, p.4). Long-term planning allows an organisation to create unique capabilities 
such as the clarification of goals and policies and the allocation of resources in accordance 
with its strategy.  
As a matter of fact, strategy is about the choice of the direction for the organisation, and 
this choice has a critical influence on its success or failure.  
Strategy occupies multiple roles within organizations (Grant, et al., 2012). 
 Strategy as decision support. Strategy offers a limited range of decision 
alternatives and thereby simplifies the decision-making process.  
 Strategy as a coordinating device. The implementation of the strategy through 
goals, responsibilities and performance targets provides a mechanism to ensure 
that the organization moves forward in a coordinated direction. 
 Strategy as target. Strategy is concerned with how the organisation will compete 
now and what the organisation will become in the future. Thus a forward-looking 
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strategy establishes a direction for the organisation’s development and sets 
aspirations that motivate the members of the organisation. 
According to Johnson, Whittington and Scholes (2011), strategies can be formulated at 
three main levels inside an organisation. 
At corporate-level, strategy focuses on how an organisation manages its operations and 
activities across multiple businesses and markets. It includes decisions such as investment 
in diversification, vertical integration, allocation of resources amongst different 
businesses of the organisation and disinvestments. 
At business-level, strategy is concerned with creating a competitive advantage and how 
to successfully compete within each sector of business that the organisation is in. It 
involves issues such as innovation, appropriate scale and response to competitors’ moves. 
Business-level strategy is similar to corporate-strategy in that it focuses on the overall 
performance. Contrary to corporate-level strategy, however, it focuses only on one of the 
businesses. 
At operational level, strategy relates to the coordination of the functional areas of the 
organisation: marketing, finance, human resources, production, research and 
development, etc.  Each operational area supports and contributes to the overall strategy. 
In this study, the strategy is formulated at the business level. It focuses on value creation 
for customers and on the maximization of the performance of the company.  
Once the strategy has been defined it is necessary to designate the strategic plan. Strategy, 
as mentioned before, is about what the organisation wants to achieve and where it wants 
to be. The strategic plan is a plan of initiatives, which outlines and states how to 
accomplish the proposed goals. It supports the organisation’s strategy by providing a way 
of meeting goals that lead to an acceptable balance between risk and reward.  
2.2 The management control system Beyond Budgeting 
The current market shows a high level of uncertainty and a growing and intense 
competitiveness, where foreseeing, anticipating and acting quickly and assertively is 
crucial for an organisation’s wellbeing. Therefore, it is necessary to ensure that 
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management processes become more dynamic and flexible in order to help organisations 
not only to survive in the current market conditions but also to prosper.  
According to Hope and Fraser (1997), the traditional budget-coupled management control 
system is incapable of providing the type of information individual decision-makers 
(DM’s) needed to be able to handle increasingly complicated organizational dynamics. 
According to Beinhocker (2006) one of the main reason why budgeting brings about 
significant troubles and needs to be substituted is because budgeting is divorced from 
strategy. Budgets are more concentrated on functions and departments than with strategic 
themes. As a result, the goals and plans of many disparate functions and departments are 
disaligned with a corporate strategy.  
That is why many companies have experimented with a radical solution – to replace 
budgeting with other management control systems such as Beyond Budgeting (Hope, et 
al., 1997). 
2.2.1 Concept and principles of Beyond Budgeting 
In 1998, thirty-three, mainly European, organisations joined the Beyond Budgeting 
Round Table (BBRT) to work on alternatives for the traditional budgeting process 
(BBRT, 2013). 
The BBRT called the alternative Beyond Budgeting. According to Hope and Fraser 
(2003), Beyond Budgeting is “not just another tool”. It provides an alternative general 
management model based on the managerial decision-making needs and makes the 
organisation more flexible and adaptable to changes. 
Thus, this new model implies a strong decentralization of the company to enable decision 
making and responsibility for performance to be taken on by operational managers. This 
model results in the creation of a "self-managed" environment with a cultural change in 
what refers to personal responsibility, which in turn implies greater motivation, increased 
productivity, and improvements in customer service. The result is a dynamic, adaptive 
and ethical organisation with potential for growth and ability to compete in the market. 
Since BBRT was founded, many organisations have already implemented the model 
Beyond Budgeting leaving behind the traditional budget model and thereby improving 
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their performance in the sense of having more adaptive planning, performance evaluation 
and control (BBRT, 2013). 
The model Beyond Budgeting is based on 12 principles (BBRT, 2013), which are divided 
in two groups (Table 1). The first six principles are rules of decentralization and 
leadership. The other six principles provide a framework for adaptive performance 
management process. 
 
Table 1 – Principles of Beyond Budgeting (BBRT, 2013). 
These 12 principles provide managers with a robust, albeit empirical framework for 
evaluating where their organizations stand today, and guiding them towards an alternative 
management model.  
Putting together these principles provide a consistent model that reunites competitive 
success factors, leadership thinking, management processes, and information systems in 
a way that enables leaders to create coherent organizations.  This model does not allow 
to choose just some principles: all the parts must fit together for it to be effective (Hope, 
et al., 2006). 
2.2.2 Beyond Budgeting support tools 
The Beyond Budgeting demonstrates that there are tools that allow 
replacing the common functions of budgets, generating much more efficiency. 
The BBRT (2013) specifies six tools that should be used in order 
to complement the replacement of the budget: 
I Decentralization and leadership principles
1.      Values: Bind people to a common cause; not a central plan.
2.      Governance: Govern through shared values and sound judgment; not detailed rules and regulations.
3.      Transparency: Make information open and transparent; do not restrict and control it.
4.      Teams: Organize around a seamless network of accountable teams; not centralized functions.
5.      Trust: Trust teams to regulate their performance; do not micro-manage them.
6.      Accountability: Base accountability on holistic criteria and peer reviews; not on hierarchical relationships.
II Performance management principles
7.      Goals: Encourage teams to set ambitious goals; don't turn goals into fixed contracts.
8.      Rewards: Base rewards on relative performance; not on fixed targets.
9.      Planning: Make planning a continuous and inclusive process; not a top-down annual event.
10.  Coordination: Coordinate interactions dynamically; not through annual budgets.
11.  Resources: Make resources available just-in-time; not just-in-case.
12.  Controls: Base controls on fast, frequent feedback; not budget variances.
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 EVA (Economic Value Added) and VBM (Value Based Management) – aligns 
strategy, goal definition, and decision making to increase shareholders’ wealth; 
 Benchmarking – compares performance measurements with the industry’s best 
or best practices taken from other industries; 
 Balanced Scorecard - aligns strategy and actions of the organisation  at each 
level; 
 ABM (Activity Based Management) – focuses on managing activities to reduce 
costs and improve customer value; 
 Rolling Forecast – creates an ongoing cycle of planning, conducting, evaluating, 
and updating organization-wide operations; 
 Management Information System - provides multiple views of 
business through integrated performance reporting. 
The set of these tools promotes adaptive management processes, providing greater 
flexibility and dynamism to organisations. Value Based Management (VBM) and 
Economic Value Added (EVA) enable managers to see which business segments and 
product lines have added value and which do not; make managers focus on the balance 
sheet, as well as on the income statement; and provide a reward mechanism that 
compensates managers for increasing shareholder value. Benchmarking enables 
organizations to adapt the best practices, usually with the aim of improving their 
performance. The BSC translates a company's vision and strategy into a coherent set of 
performance measures. The Activity Based Management (ABM) helps managers to 
understand how the activity adds value to products and customers. In turn, the Rolling 
Forecast, unlike the budget, which is developed for one year, gives a tool for dynamic 
management, by anticipating external behaviors and the results of the actions. Finally, 
using the Management Information System provides multiple views of the business 
through integrated performance reporting (Fonte, 2013). 
2.3 The Balanced Scorecard 
2.3.1 Concepts of Balanced Scorecard 
Kaplan and Norton (2005, p.1) stated that “organizations often fail at strategy execution 
and various sources have reported implementation failure rates ranging from 60 and 90 
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percent”. And very often failures in an organisation’s management system lead 
to unsatisfactory results (Kaplan, et al., 2008). 
Robert Kaplan and David Norton (2008 p. 1) define management systems as “an 
integrated set of processes and tools that a company uses to develop its strategy, translate 
it into operational actions and monitor and improve the effectiveness of both”. One of the 
strategic planning and management systems that is used extensively in business and 
industry is the Balanced Scorecard (BSC).  
The BSC was devised by Robert Kaplan and David Norton in the early 1990’s as “a 
performance measurement framework that added strategic non-financial performance 
measures to traditional financial metrics to give managers and executives a more 
'balanced' view of the organizational performance” (BS Institute, 2013). But over time 
the BSC has been transformed from performance measurement framework to a complete 
strategic planning and management system. 
Now the BSC is a tool which not only provides a performance measurement framework, 
but helps planners to identify what should be done and measured and also enables 
executives to truly execute their strategies (BS Institute, 2013). 
2.3.2 Perspectives of Balanced Scorecard 
According to Kaplan and Norton (1996) the BSC translates mission and strategy into 
objectives and measures, organized into four different perspectives: financial, customer, 
internal business process and learning and growth.  
Financial perspective. Financial objectives are long term goals for the organisation. The 
BSC makes the financial goals clear and explicit. All objectives in the other three 
perspectives are directly or indirectly related to the financial perspective and relevant 
financial objectives. The financial objectives can be portioned into three categories: 
revenue growth, cost reduction, and return on investments improvement.  
Customer perspective. In the customer perspective of the BSC the organisation selects 
the market and customer segments in which it will compete. The goals remain the same 
– implementation of financial objectives. The financial perspective identifies key 
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customer measures: loyalty, retention, acquisition, and profitability. These measures are 
aligned to target markets and customer groups. 
Internal-business-process perspective. In the internal-business-process perspective, 
executives identify the critical internal processes in which the organization must excel, 
such as the innovation process, operations process, and post-sale service. Innovation is 
about researching possible or hidden needs of customers in order to design a product or 
service that will meet these needs. It plays a key role in the success of the organisation in 
the modern competitive market. The operations process implies the delivery of the 
product or service to the end customer. Post sale service includes warranty and repair 
activities, processing of payments, and support. The main focus in the operations process 
and in the post-sale service is cost, cycle time, and quality. Measures for internal 
processes have to be established after financial and customer objectives are set.  
Learning and growth perspective. Objectives in the learning and growth perspective 
are driving forces that encourage setting goals to the objectives regarding financial, 
customer and internal processes performance. There are three key categories in learning 
and growth perspective: employee capabilities and motivation, information system 
capabilities, and empowerment and alignment. Special attention has to be paid to 
employee satisfaction and motivation. All goals and measures in the learning and growth 
perspective must be subordinated to the strategic goals of the organisation formulated in 
the BSC. 
2.3.3 Linking Balanced Scorecard Measures to Strategy 
As stated by Kaplan and Norton (1996) there are three principles that enable an 
organization’s BSC to be linked to its strategy: 
 Cause-and-effect relationships; 
 Performance drivers; 
 Linkage to financials. 
Cause-and-effect relationships. A strategy is a set of propositions taking into 
consideration the cause and effect of the proposed measures. This measurement system 
should link and relate all objectives in the various perspectives making them explicit so 
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that they can be managed and validated. The chain of cause and effect should pervade in 
all four perspectives of the BSC.  
Performance drivers. The BSC should have a mixture of outcome measures and 
performance drivers. The performance driver measures are leading indicators directed at 
all organisation participants signaling what is necessary to do today to create value in the 
future. Outcome measures without performance drivers create ambiguity in how the 
results are to be achieved and may lead to suboptimal short-term actions. Measures in 
performance drivers that are not linked to outcomes will encourage local improvement 
programs not to deliver neither short- nor long-term value to the business unit.  
Linkage to financials. The BSC must retain a strong emphasis on financial ratios such 
as return-on-capital-employed or economic value-added. It is important to link programs 
of total quality management, cycle time reduction, and employee empowerment to 
outcomes that directly influence customers and that deliver future financial returns. 
Otherwise, organisations will become disillusioned with the lack of tangible payoffs from 
their changing programs. Ultimately, as it was already mentioned above, causal paths 
from all the measures on a scorecard should be linked to financial objectives.  
2.3.4 Balanced Scorecard as a tool of Beyond Budgeting  
As it was mentioned before, in Chapter 2.2.2, the BSC is one of the support tools of 
Beyond Budgeting.  
Jeremy Hope in his interview to the magazine “ControllerNews” (Daum, 2003) 
considered that the BSC was one of the tools that companies were trying to develop and 
implement and it was not fully working. He said that “the BSC was designed to enable 
managers to map and describe their strategy, to balance short and long-term goals, 
initiatives and measures, to align the actions of the “top floor” and the “shop floor”, and 
to focus on the real drivers of financial performance. But if the budgeting system and 
culture remains in place, there is no way that the strategic management process will really 
change the operational manager’s day-to-day behaviour.” 
Hope and Fraser (2001) recommended using the BSC on the Beyond Budgeting model to 
build a picture of strategy that can then be described and communicated to a number of 
teams. Also it can be used to provide managers with a strategic measurement framework 
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that shows a moving picture of change from their perspective. But they observed that 
when the scorecard was used to set targets, and place numbers on cause-and-effect 
linkages that dictate actions to managers, that the BSC starts to run into difficulties, either 




Chapter 3 – Methodology 
3.1 Multi-objective optimization 
Multi-objective optimization is an area of multi-criteria decision making, which is 
concerned with mathematical optimization problems involving multiple objective 
functions to be optimized simultaneously.  It has been used for solving problems in 
different areas, namely, finance, economics, manufacturing, engineering, where to take 
the optimal decisions involving trade-offs between two or more conflicting objectives.   
A multi-objective optimization problem can be described in mathematical terms as 
follows (Caramia, et al., 2008): 
𝑜𝑝𝑡𝑖𝑚𝑖𝑧𝑒 [𝑓1(𝑥), 𝑓2(𝑥), . . .  , 𝑓𝑛(𝑥)], 𝑥 ∈  𝑆,  (3.1) 
where 𝑥 is the vector of decision variables, 𝑓1(𝑥),  𝑓2(𝑥), . . .  , 𝑓𝑛(𝑥) are the objective 
functions, n is the number of the objectives  (n > 1), and S is the set of feasible points. 
Set S can be defined as 
𝑆 =  {𝑥 ∈  ℝ𝑚 ∶  ℎ(𝑥) = 0, 𝑔(𝑥)  ≥  0},   (3.2) 
where functions h(x) and g(x) define the value space of feasible solutions.  
The space to which the objective vector belongs is called the objective space and its image 
C is called the attainable set and is defined by 
𝐶 =  {𝑦 ∈  ℝ𝑛 ∶  𝑦 = 𝑓(𝑥), 𝑥 ∈ 𝑆},  (3.3) 
where y is  the vector of objective functions.  
In multi-objective optimization, a feasible solution that optimizes all objective functions 
simultaneously, typically, does not exist. Therefore, attention is paid to Pareto optimal 
solutions. Essentially, a vector is said to be Pareto optimal for a multi-objective problem 
if all other vectors have a worst value on at least one of the objective functions fi (i = 1, 




Multi-objective problems have been addressed in several different ways. For example, 
the objectives may be converted into a single-objective by using a scalar function with a 
user-supplied weight. This approach is known as the Weighted-sum or Scalarization 
method. Another solution technique to multi-objective optimization is the ε-constraints 
method. The idea of this method is that the decision maker chooses one objective out of 
the n existing ones to be optimized and the remaining objectives are constrained to be 
within some user-specified values. Multi-level Programming is another approach to 
multi-objective optimization. This method orders the n objectives according to a 
hierarchy. The optimisers are sequentially found for each objective function by using the 
order of their importance until all the objective functions have been optimised in 
successively smaller sets (Caramia, et al., 2008). 
Finally, another approach is Goal Programming (GP). It does not pose the question of 
optimizing objectives, but rather it attempts to find specific goal values on these 
objectives.  
Considering that the GP approach combined with the AHP is (i) relatively simple and 
clear for application in real world projects; (ii) useful in decision problems where the 
multiple goals are conflicting, and (iii) widely used for different types of problems, this 
method was chosen for the study and it is discussed in more detail in the next chapters.  
3.2 Goal Programming 
GP was one of the first methods created for multi-objective optimization (Charnes, et al., 
1961). It was originally developed for multi-objective linear programming problems 
(Ignizio, 1985). GP has earned a reputation as one of the most practical multi-criteria 
methods mainly due to its modelling flexibility and its capability to handle large-scale 
real problems.  
In GP, the decision maker must specify aspiration levels 𝑧𝑖(𝑖 = 1, … , 𝑘) for the objective 
functions 𝑓𝑖 (𝑥). Then, deviations from these aspiration levels are minimized. An 
objective function jointly with an aspiration level is referred to as a goal. For minimization 
problems, goals are of the form 𝑓𝑖 (𝑥) ≤  𝑧𝑖 and the aspiration levels are assumed to be 
selected so that they are not achievable simultaneously. After the goals have been 
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specified, the deviations 𝛿𝑖 =  𝑚𝑎𝑥[0, 𝑓𝑖(𝑥)  −  𝑧𝑖  ] of the objective function values are 
minimized (Branke, et al., 2008).  
GP can be approached in many different ways. In the weighted GP approach (Charnes, et 
al., 1977), the weighted sum of the deviations is minimized. This means that in addition 
to the aspiration levels, the decision maker must specify positive weights 𝑤𝑖. In 
mathematical terms the problem is then formulated as  
min 𝐹 = ∑ 𝑤𝑖𝛿𝑖
𝑘
𝑖=1 ,        
subject to 𝑓𝑖 (𝑥) − 𝛿𝑖 ≤  𝑧𝑖  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 = 1, … , 𝑘, (3.4) 
𝛿𝑖 ≥ 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 = 1, … , 𝑘; 𝑥 ∈ 𝑆,     
where 𝑥 ∈ 𝑅𝑛 and 𝛿𝑖 (𝑖 = 1, … , 𝑘) are the decision and deviation variables, respectively. 
In the Lexicographic GP approach (Charnes, et al., 1961), the decision maker must 
specify a lexicographic order for the goals in addition to the aspiration levels. In the 
lexicographic ordering the decision-maker must sort the objective functions in descending 
order of their absolute importance. Then, the problem considering the minimization of 
the deviations as objective functions is solved lexicographically. The process is as 
follows: the deviations regarding the most important objective function are minimized 
subject to the original constraints. If the problem has a single optimal solution, then this 
is the chosen one and the solution process stops. Otherwise, the next most important 
objective function is considered, and its deviations are minimized over the solution set 
that minimizes the objective function defined for the previous problem. This procedure is 
repeated until one only solution is found or all objectives have been considered (Branke, 
et al., 2008). Mathematically it can be formulated as 
𝐿𝑒𝑥 𝑚𝑖𝑛 𝐹 = [ℎ1(𝛿1),  ℎ2(𝛿2), … , ℎ𝐿(𝛿𝑖)] 
subject to 𝑓𝑖 (𝑥) − 𝛿𝑖 ≤  𝑧𝑖  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 = 1, … , 𝑘, (3.5) 
𝛿𝑖 ≥ 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 = 1, … , 𝑘; 𝑥 ∈ 𝑆, 
where L is the number of priority levels with corresponding index 𝑙 = 1, 2, … , 𝐿 and 




It is important to note that “lexicographic ordering does not allow a small increment of 
an important objective function to be traded off with a greater decrement of a less 
important objective. Yet, the decision maker might find this kind of trading off appealing. 
If this is the case, lexicographic ordering is not likely to produce a satisfying solution.” 
(Branke, et al., 2008 p. 20).  
It is also possible to use a combination of the weighted and the lexicographic approaches. 
In this case, several objective functions may belong to the same class of importance in 
the lexicographic order. In each lexicographic order, also known as priority class, a 
weighted sum of the deviations is minimized (Branke, et al., 2008). This can be 
formulated as follows: 
𝑚𝑖𝑛 𝐹 = [∑  𝑤𝑖1(𝛿𝑖)
𝑘
𝑖=1




subject to 𝑓𝑖 (𝑥) − 𝛿𝑖 ≤  𝑧𝑖  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 = 1, … , 𝑘, (3.6) 
𝛿𝑖 ≥ 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 = 1, … , 𝑘; 𝑥 ∈ 𝑆, 
where  𝑤𝑖𝐿 is the importance of the weight of objective i in priority class L. 
Another variant of GP is Min-Max (Chebyshev) GP that was introduced by Flavell 
(1976). The distinguishing feature of this method is the minimization of the maximal 
unwanted deviation of all decision variables from their target uniformly. This method 
uses the underlying Chebyshev (𝐿∞) means of measuring distance (Jones, et al., 2010). 
Min-Max GP has the following mathematical formulation: 
𝑚𝑖𝑛 𝐹 = 𝑑 
subject to 𝑓𝑖 (𝑥) − 𝛿𝑖 ≤  𝑧𝑖  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 = 1, … , 𝑘, (3.7) 
𝛿𝑖 ≥ 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 = 1, … , 𝑘; 𝑥 ∈ 𝑆, 
𝛿𝑖 ≤ 𝑑 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 = 1, … , 𝑘  
where 𝑑 is the maximal deviation. 
Finally, in Meta-GP, which was proposed by Rodríguez-Uría et al. (2002), it is assumed 
that the decision maker does not have to choose a particular GP variant. Instead, the 
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decision maker can combine the GP variants and establish aspiration values not only for 
goals but also for the different achievement functions. This variant of GP allows the 
decision maker to establish requirements to relevant achievement functions instead of 
restricting his opinion to the requirements of a single variant. Thus, this approach can be 
used as a second step, if after using the traditional GP the decision maker is presented 
with the deviations from his original goals and he does not consider the solution 
acceptable.   
With respect to optimality, the solution of a GP problem is Pareto optimal “if either the 
aspiration levels form a Pareto optimal reference point or all the deviation variables 𝛿𝑖 
have positive values at the optimum” (Branke, et al., 2008 p. 21). The GP cannot 
guarantee that the obtained solution is Pareto optimal. Nevertheless, some tests of Pareto 
optimality are available that can detect when this occurs and project the aforementioned 
solution appropriately into a Pareto optimal solution. For example, Larbani and Aounini 
(2007) provide one such test that can be applied to any type of GP problem defined over 
a compact decision space and considers continuous objective functions only.  
The method of GP has several advantages: it allows for an ordinal ranking of goals, where 
the low-priority goals are considered only after higher-priority goals have been satisfied 
to the fullest extent possible; useful in situations where the multiple goals are conflicting 
and cannot all be fully achieved. In such cases, it leads to finding a satisfactory solution 
where many objectives or goals are to be considered (Hughes, et al., 1973).  
Nevertheless, as pointed out by Jaap Spronk (1981), GP requires fairly detailed a priori 
information on the decision maker’s preferences, the definition of aspiration levels, 
partitioning the set of goals into pre-emptive priority classes and assessment of weights 
within these classes. The assessment of weights or definition of decision maker´s 
preferences can be undertaken directly by the decision maker or by scientific methods. In 
our methodology we chose to use the Analytic Hierarchy Process (AHP) (Gass, 1987) as 
it is widely use and is working well in various integrated approaches, namely with GP.     
3.3 Analytic Hierarchy Process and Goal Programming Approach 
AHP is a decision-making procedure originally developed by Thomas Saaty in the 1970s 
and described in Saaty (1990). The main idea of the AHP is to arrange the decision 
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problem in a hierarchic structure and, afterwards, obtain relative importance weights for 
each element of the hierarchy. 
The method consists of various steps (Saaty, et al., 1990). The first step involves 
decomposing the problem into a set of sub-problems and organizing them according to a 
hierarchy. The hierarchy has a descending structure from the global goal to criteria, sub-
criteria and alternatives, in successive levels. The purpose of the hierarchy is to provide 
a comprehensive view of the problem, to demonstrate the relationships among the 
elements inherent in the problem and to help the decision-maker (DM) in subsequent 
assessment of the priorities.  
The next step includes the elicitation of pairwise comparison judgments, in order to obtain 
the importance score for each criterion and sub-criterion. The data for the elicitation of 
pairwise comparison judgments are collected by interviewing the DM. The DM’s answers 
are codified using Saaty’s nine-point intensity scale (Table 2). The outcomes of this step 
are the local and global weights of each criterion. The local weights represent the relative 
weights of the criteria which have the same parent criterion in the hierarchy. The local 
weights of each group have to add up to 1. The global weights are computed by 
multiplying the criterion local weight with the parent global weight. The sum of global 
weights for all criteria pertaining to the same level has to be equal to 1 (Saaty, et al., 
1990).  
 





Two activities contribute equally to the 
objective
3
Moderate importance of one over 
another
Experience and judgment strongly favor 
one activity over another
5 Essential or strong importance
Experience and judgement strongly favor 
one activity over another
7 Very strong importance
An activity is strongly favored and its 
dominance demonstrated in practice
9 Extreme importance
The evidence favoring one activity over 
another is of tile highest possible order of 
affirmation
2 , 4 , 6 , 8
Intermediate values between the 
two adjacent judgments
When compromise is needed
Reciprocals
If activity i  has one of the above numbers assigned to it when compared with 
activity j  , then j  has the reciprocal value when compared with i
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The third step is the computation of the Consistency Ratio (CR) that measures the degree 
to which the decision maker was consistent in his responses. Saaty suggests that the 
judgments can be considered acceptable if the CR is less than 0.1 (Saaty, et al., 1990). 
Cheng and Li (2002) used the CR in a different manner. According to them, an acceptable 
CR value depends on the size of the comparison matrices: CR should be less than 0,05 
for 3x3 matrices; less than 0,08 for 4x4 matrices and less than 0,1 for larger matrices. 
The final step is the calculation of an overall priority score for each alternative. First, 
separate pairwise comparisons are conducted on the set of the alternatives with regard to 
each sub-criterion of the last level of the hierarchy, in order to elicit the local weights for 
each alternative. Then, the global weights of each alternative are calculated by 
multiplying the sub-criterion global weight with the local weights of each alternative.  
Therefore, the final result of the AHP analysis is the normalized vector of the relative 
scores, which allows ordering the alternatives with respect to the global goal. The largest 
value of this score corresponds to the most preferred alternative. 
The AHP method is widely used in practice due to its relative simplicity and flexibility 
(Ho, et al., 2010); it allows to formalize the structure of the problem and to check the 
inconsistency (Goodwin, et al., 2004); it can efficiently process both qualitative and 
quantitative data and does not involve cumbersome Mathematics (Kahraman, et al., 
2003).  
However, despite these advantages, decision analysts emphasize some drawbacks of the 
use of AHP for multi-criteria decision making.  
According to Goodwin and Wright (2004) the biggest flaws of AHP are the large number 
of comparisons that may be required, the possibility of rank reversal, and the discrepancy 
of the nine-point scale. DM’s need to compare each group on the same level in a pairwise 
mode, drawing on their experience, knowledge and value system, and this process can 
take considerable time until a general consensus is achieved. The rank reversal problem 
is sometimes observed. Its occurrence means that the addition or deletion of one 
alternative from the initial set of alternatives leads to a different best alternative. 
Regarding the nine-point scale, Goodwin and Wright (2004 p. 421) claimed that “if the 
decision maker does not wish  to incorporate very extreme ratios in the decision model 
20 
 
the restriction of pairwise comparisons to the nine-point scale is bound to create 
inconsistencies.”  
Bana e Costa et al. (2008) point out another drawback of the AHP. The analysis of the 
eigenvalue method, which is used to derive the AHP priority vector, showed that “the 
derived priority vector can violate a condition of order preservation that is fundamental 
in decision aiding” (Bana e Costa, et al., 2008 p. 7). They state that this disadvantage of 
the AHP approach makes it very problematic as a decision support tool. 
But practice shows that the AHP is working well in various integrated approaches, one of 
the most popular being with Goal-Programming (Ho, et al., 2010). The AHP can be used 
to elicit a set of preferential weights of alternatives with respect to multiple evaluating 
criteria and then weights can be incorporated into the Goal Programming model.  
Gass (1987) was the first to use the AHP-GP approach, and it was applied in the context 
of military planning. Afterwards it has been applied to a variety of other fields. 
Krüger and Hattingh (2006) use the AHP-GP approach to solve the problem of optimal 
allocation of internal auditing time among competing projects. First, the AHP method is 
used to deal with qualitative risk assessments. In this study the risk is associated with 
possible loss in an audit area and is seen as a measure of uncertainty in achieving business 
objectives. Possible loss in audit area depends on some specific characteristics called 
audit risk factors. The selected risk factors (criteria) to evaluate the audit projects 
(alternatives) are the complexity of operations, frequency of occurrence, financial 
implications, changes in the area and external influences. After applying the AHP, the 
overall risk score for each audit project was determined. The largest value of this score 
corresponds to the project with the highest current risk level with respect to the selected 
risk factors. Then the weighted GP model was developed to establish an optimal 
allocation of internal auditing time using the preceding risk evaluation scores determined 
by the AHP and audit project quantitative information provided by the decision maker 
(DM). The objective function of the GP model is to obtain risk levels as close as possible 
to the acceptable levels set, i.e. to minimize overachievements regarding the predefined 
goal levels. The DM specified target values of goals and weights. Goal risk is defined as 
a percentage of current risk (AHP score) that the DM is willing to tolerate. The weights 
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used in the objective function were assessed from the tolerance level point-of-view. The 
goal constraints set how risk goal levels may be achieved from current levels (given by 
the AHP score) by deciding on the number of hours to be allocated. The system 
constraints impose that the time allocated to each project is within project time bounds 
and that no more time than the total available is allocated amongst the projects. The 
authors conclude that this approach provides a systematic and objective way to evaluate 
risk factors to audit projects and offers great potential for such kind of problems.  
In Bertolini and Bevilacqua (2006) an AHP-GP approach is used to define the best 
strategies for the maintenance of critical centrifugal pumps in an oil refinery. The 
combined AHP-GP model was applied in two subsequent stages:  the first stage uses the 
AHP approach to evaluate the maintenance policy priority scores: while the second 
identifies a best maintenance strategy using a Lexicographic GP model. The set of the 
alternatives consists of three types of maintenance policies, namely corrective, preventive 
and predictive, which are evaluated using three criteria of failure mode (occurrence, 
severity, detectability). The AHP outcomes that were incorporated into the GP model are 
the global priority scores of the maintenance policies and the local priority scores of each 
maintenance policy with respect to each criterion of failure mode. The formulation of the 
GP model includes four goals with different priorities: to minimize costs; to minimize 
manpower usage; to maximize AHP global scores, and to maximize AHP local scores for 
each criterion. The objective function aims to minimize the unwanted deviations 
associated with each specified goal and uses weights obtained according to their priority 
levels. The third and the fourth priority goals are based on the scores obtained by using 
the AHP. The global scores of the maintenance policies are incorporated in the goal “AHP 
score maximization”. The goal “Local score maximization” uses the local scores of each 
maintenance policy with respect to each criterion of failure. The results of this study 
brought about the introduction of a more accurate inspection plan for the critical failures 
of the items analysed in the oil refinery, thus reducing the possibility of catastrophic 
failures and improving cost control and operational efficiency. 
Ho (2007) proposes to use the AHP-GP approach for selection of the best set of 
warehouses taking into account both qualitative (customer satisfaction) and quantitative 
factors (total cost, total delivery day, effectiveness of capacity utilization for warehouse, 
22 
 
etc.) simultaneously. The AHP is used first to determine the relative importance of 
alternative warehouses and then, the GP model is formulated to select the best set of 
warehouses considering the limited available resources. The DM defined five criteria to 
evaluate the performance of warehouses, namely total logistic cost, total lead time, 
reliability of order fulfillment, flexibility of capacity and condition of service. After 
applying the AHP, the overall priority ranking of warehouses was computed. Then the 
GP model was formulated that has 13 system constraints, 13 goal constraints, and 4 AHP 
constraints. Different priority levels have been set both for the goal constraints and the 
AHP constraints. The so-called AHP constraints are related to the warehouses to be 
opened and they are to be chosen, whenever possible, according to the AHP scores found. 
Therefore, the objective function of the GP model in this study represents the 
lexicographical order of deviational variables to be minimized. The author concludes that 
this approach is more practical and applicable than freestanding AHP or GP techniques 
in solving complex decision problems, since it allows to consider both qualitative and 
quantitative factors simultaneously. 
In Ayag and Özdemirb (2007) a combined fuzzy AHP-GP approach is used to find the 
best assembly-line configuration (set of workstations) considering the selection of 
equipment for each workstation and allocation of tasks to each workstation. First, the 
fuzzy AHP is applied to evaluate equipment alternatives for workstations using the 
following criteria: procurement cost, operational cost, space requirement, production 
speed, flexibility, ease of use, and level of automation. Traditional AHP method, using 
the discrete nine-point scale, does not take into account the uncertainty associated with 
the mapping of one’s perception or judgment to a number. Fuzzy AHP uses triangular 
fuzzy numbers, 1 ̃ to 9̃  to represent subjective pairwise comparisons of selection process 
in order to capture the vagueness of the judgments of the decision maker. The output of 
the fuzzy AHP is the overall score of priorities for the equipment alternatives. These 
scores were employed into the GP model. The second step is to construct the GP model. 
The objective function of the GP model in this study is the minimization of the unwanted 
deviations, from the goals, according to their priorities. Three goal constraints are used to 
set targets on the investment budget, the equipment operational cost, the space 
requirements. A goal regarding the fuzzy AHP scores is also used, essentially to guide 
the choice of equipment types towards the DMs identified preferences. The authors 
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conclude that the approach they propose is superior comparing with single-objective 
optimization methods, but it has a weakness, the complexity of the model. Thus, only 
moderate-size problem instances can be dealt with a reasonable computational time.  
In Arunraj and Mait (2010), the AHP-GP approach is used for the selection of the 
maintenance policy based on the risk contribution of the equipment concerned, as well as 
the maintenance cost. A case study was conducted in a benzene extraction unit of a 
chemical plant. The methodology is based on the work of Bertolini and Bevilacqua (2006) 
but the main improvement in the current study is that the risk contribution of different 
equipment was computed and supplied to the experts for rating maintenance policies. 
Hence, two criteria were selected to evaluate four types of maintenance policies, risk of 
equipment failure and cost of maintenance policy. The global and local priority scores of 
the different maintenance policies with respect to each criterion were obtained through 
the application of the AHP and incorporated into the Goal-Programming model. The GP 
formulation includes three goals with different priorities: the first priority goal is to 
maximize global scores of maintenance policies; the next priority goal is to maximize 
local scores of maintenance policies based on risk; and the third priority goal is to 
maximize local scores of maintenance policies based on cost. The GP model is used to 
find the most appropriate maintenance policy for each considered equipment. The authors 
conclude that with the combined AHP-GP model, the selection of maintenance policies 
in this study is obtained with the best compromise between all considered objectives, 
namely reduction of failure probability and minimizing the cost.  
Sedzro et al. (2012) use the AHP-GP approach for asset allocation. Their model considers 
several levels of both market conditions (recession, trough, recovery, expansion, peak), 
and the investor´s risk profile (conservative, moderately conservative, moderate, 
moderately aggressive and aggressive). The AHP method is used to analyse the 
percentage of investment to be allocated to each asset class (bonds, stocks, liquid assets) 
by an investor. Then the scores of asset classes are integrated into the 2-step optimization 
model. The first step is to determine the combination of funds that will produce maximum 
returns for a given level of risk. It is solved using the classic Markowitz model. But this 
model does not take into account the DM’s ideal goal about the proportion of stocks, bond 
and liquid assets as defined using the AHP. Hence, the next step is the goal optimization. 
24 
 
The purpose of the GP model in this study is to minimize deviations below the goal and 
above the goal with respect to the ideal ratios of stocks, bonds and liquid assets obtained 
by the AHP. The output of the first step of the optimization model is incorporated into 
the model as the system constraints to ensure that the level of return and standard 
deviation will be maintain. The results obtained in this research are encouraging as the 
portfolios constructed in this manner attain very good performance regarding returns by 
unit of risk. 
As seen in the aforementioned articles, the combined AHP-GP approach has a wide t 
scope of applicability. Nevertheless, it has not yet been used to aid in the selection of a 
strategic plan. 
3.4 Proposed methodology for selection of a strategic plan  
3.4.1 Problem definition 
This study aims to develop a model which helps to select a strategic plan (plan of 
initiatives) optimizing several objectives simultaneously. 
Each company sets global objectives that show where the company wants to go or, in 
other words, which reflect the ambition of the company. These objectives have to be 
operationalised by various financial indicators and key performance indicators (KPIs) as, 
usually, the global objectives cannot be directly measured. The set of financial indicators 
and KPIs represent the financial view of the strategy and show what the company 
direction is. After defining the direction it is necessary to establish how to get there and 
what initiatives should be implemented to achieve the objectives, see Figure 1. Each 
initiative has, at the same time, a positive (e.g. increasing profitability) and a negative 
contribution (e.g. increasing costs) to the objectives. Therefore, it is not evident which of 
the initiatives should be implemented in order to achieve the expected (best) results. 
Besides, the company can have a preference regarding which initiatives to implement on 
a first-priority basis and also on which initiatives are less significant. Thus, it is important 
to take into account both the established objectives and the company’s preferences 




Figure 1 – Problem framework, adapted (Nors, 2013). 
 
As it was referred in Section 3.2, the Balanced Scorecard (BSC) is an appropriate tool for 
designing operational strategies, but one of the BSC problems in action is how to choose 
the strategic plan (or plan of the initiatives) considering all objectives and goals, that may 
be conflicting and incommensurable.  
Since in the performance of the BSC there is no mechanism for selecting a plan of the 
initiatives, in this study we proposed to use an optimization integrated approach AHP-GP 
to address this problem. 
3.4.2 Integrated approach AHP-Goal Programming 
The proposed approach consists of two parts. The first part is an application of the AHP 
to determine the relative importance (i.e., scores) of initiatives, according to the DM’s 
preferences. In the second part, the final AHP output and other management information 
are incorporated into a GP model in order to select a strategic plan, i.e., the set of 
initiatives to be implemented, that achieves the established objectives.  
3.4.2.1 AHP 
According to the AHP process (Section 3.3) the first step is to decompose the problem 
and represent all elements as a hierarchy tree, see Figure 2. At the top of the hierarchy 
tree is the global objective. In our problem the global objective is the financial indicator 
that shows the ambition of the company. This objective is then operationalised by various 
financial indicators and key performance indicators (KPIs), since the global objective is 
directly immeasurable. The financial indicators represent the financial vision of the 
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strategy (e.g., Sales, Working Capital Needs) and the KPIs serve as the measures to 
describe the financial indicators (e.g. Gross Margin (GM) %, Average Receipt Term 
(ART)). Thus, the levels below consist of financial indicators and KPIs (criteria and sub-
criteria). They are marked by different colours and each colour represents one of the four 
perspectives of the BSC. The last level is the set of the initiatives (alternatives) that are 
proposed by the DM to achieve the global objective. The initiatives will be evaluated with 
respect to defined criteria. 
 
Figure 2 – Analytical hierarchy. 
 
The next step includes the elicitation of pairwise comparison judgments using the nine-
point scale presented in Section 3.3 (Table 2). The pairwise comparison and all other data 
necessary to obtain the relative importance of the initiatives have been collected by 
interviewing the DM.  
The AHP outcomes are: the local weight wlj for each financial indicator / KPI j, the global 
weight wgj for each financial indicator / KPI j, the local weight plij for each initiative i 
with respect to each criterion j, and the global weight wi for each initiative i. 
In the following step, it is important to calculate the Consistency Ratio (CR) since it 
allows finding out whether the pairwise comparisons performed by the decision maker 
are consistent and acceptable. 
The final result of the AHP analysis is the normalized vector of the relative importance 
scores of initiatives with respect to financial indicators / KPIs. Thus, the overall score of 
initiatives takes into account not only the initiatives performance, but also the financial 
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indicators / KPIs weight. These scores returned by the AHP are then incorporated into the 
GP model, so that it can take into account the DM’s preferences. 
3.4.2.2 The Goal Programming model 
The next step is to build the GP model. As mentioned in Section 3.2, the GP is a multi-
objective optimization method. This method enables the DM to specify desirable goals 
and constraints for each objective, in order to find a solution that satisfies these constraints 
and tries to meet the goals as close as possible.  
Prior to solving the GP model, it is necessary to introduce the notation used. 
Let us consider 𝐽 as the set of financial indicators / KPIs in which upper and lower bounds 
are imposed. Furthermore, set 𝐽 is partitioned into two subsets 𝐽′and 𝐽′′ such that 𝐽 = 𝐽′ ∪
𝐽′′. Subset 𝐽′ consists of the financial indicators / KPIs for which an upper bound is 
imposed, while subset 𝐽′′ consists of the financial indicators / KPIs with a lower bound. 
Consider also two more sets, the set of initiatives and the set of goals denoted by  𝐼 and 
G, respectively. 
𝑗 – financial indicators / KPI index (𝑗 ∈ 𝐽 (𝑗 = 1, 2, … , 𝑘1, … , 𝑘1 + 𝑘2) 𝑎𝑛𝑑 𝐽 = 𝐽′ ∪ 𝐽′′) 
𝑖 – initiative index (𝑖 ∈ 𝐼, 𝑖 = 1, 2, … , 𝑛) 
g – goal index (𝑔 ∈ 𝐺, = 1, 2, … , 𝑚) 
𝑤𝑖 −  weights of initiative 𝑖 ∈ 𝐼 obtained using the AHP method 
𝑑𝑔
+ − deviation variables that show overachievement of goal 𝑔 ∈ 𝐺   
𝑑𝑔
− − deviation variables that show underachievement of goal 𝑔 ∈ 𝐺  
𝑃𝑔 − priority level of goal 𝑔 ∈ 𝐺 
𝑢𝑗  – upper bound for financial indicator / KPI 𝑗 ∈ 𝐽 
𝑙𝑗 – lower bound for financial indicator / KPI 𝑗 ∈ 𝐽 
𝑎𝑖𝑗 – expected contribution of initiative 𝑖 ∈ 𝐼 to financial indicator / KPI  𝑗 ∈ 𝐽 
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Finally, the decision variables are represented by binary variables 𝑥𝑖, which take the value 
1 if initiative 𝑖 ∈ 𝐼 is selected and, 0 otherwise.  
In the GP model for selection of a strategic plan, the objective function is formulated as 
the minimization of the undesirable deviations from the goals according to the priorities 
attributed to them. The goals are prioritized according to their relative importance as 
defined by the DM. Thus, the objective function can be formulated as in Equation (3.8): 




+), … , 𝑃𝑚(𝑑𝑚
− , 𝑑𝑚
+ )}    (3.8) 
The GP model has two types of constraints: goal constraints and system constraints. The 
goal constraints are formulated as: 
∑ (𝑎𝑖𝑗𝑥𝑖) + 𝑑𝑔
+ ≤𝑛𝑖∈𝐼 𝑢𝑗 , ∀ 𝑗 ∈ 𝐽
′   (3.9) 
∑ (𝑎𝑖𝑗𝑥𝑖) + 𝑑𝑔
− ≥𝑛𝑖∈𝐼 𝑙𝑗 , ∀ 𝑗 ∈ 𝐽
′′  (3.10) 
∑ 𝑤𝑖𝑥𝑖 + 𝑑𝑔
− =𝑛𝑖∈𝐼 1, ∀ 𝑖 ∈ 𝐼      (3.11) 
The first goal constraint (3.9) is used for the goals where it is only necessary to minimize 
the deviation associated with the overachievement of a goal. The second one (3.10) is 
used for the goals where it is only necessary to minimize the deviation associated with 
the underachievement of a goal. The third goal constraint is used to consider the DM’s 
preferences in the initiatives and it is associated with the execution of all initiatives, which 
is desirable. The AHP final outcomes wi are used in this constraint.  
The system constraints, which must be satisfied, define the feasible region of solutions 
for selecting the strategic plan. Thus, they do not have deviation variables. Equations 
(3.12) and (3.13) ensure that the values of all financial indicators / KPIs are within their 
bounds.   
∑ (𝑎𝑖𝑗 × 𝑥𝑖) ≤
𝑛
𝑖∈𝐼 𝑢𝑗, ∀ 𝑗 ∈ 𝐽
′ (3.12) 
∑ (𝑎𝑖𝑗 × 𝑥𝑖) ≥
𝑛
𝑖∈𝐼 𝑙𝑗 , ∀ 𝑗 ∈ 𝐽′′   (3.13) 
Finally, constraints (3.14) and (3.15) define the nature of the decision variables, 
assignment variables 𝑥𝑖 are binary, while deviation variables are non-negative. 









Chapter 4 – Project development 
The proposed methodology, which has been explained in Section 3.4, has been 
empirically evaluated with the data of one of the companies that integrates the Nors 
Group.  
This chapter has two main sections. In the first section a description of the company is 
provided, while in the next section the case study and findings of its application are 
reported. 
4.1 Nors Group 
4.1.1 Company presentation  
The Nors Group (Auto Sueco Group before September 2013) was founded in 1949 by 
Luiz Oscar Jervell and Yngvar Poppe Jensen. However, in 1933 Luiz Oscar Jervell was 
the first representative for the Volvo brand in the North of Portugal. In 2013, the Group 
took on its multinational vocation, being present on 4 continents and in 15 markets. 
The company has various activities: the distribution of cars, trucks, buses, construction 
equipment, agricultural equipment, industrial engines, parts and some services. Also the 
Nors Group has two industrial companies: Biosafe and Soma, which are dedicated to the 
production of recycled rubber granules and manufacture street cleaning and 
environmental equipment (Nors, 2014). 
In 2012 the company went through a process of reorganization. This process aimed to 
accelerate growth and consolidation of the markets where the Nors Group already had a 
presence; by facilitating business development and expansion and eliminating 
duplications of high-level management resources. A new organisational model (Figure 3) 
follows the geographical logic for all nuclear activities of the Group. Thus, the operations 
of trucks, buses, industrial equipment, parts, glass, and others were grouped into 4 
regions: Nors Iberia, Nors Angola, Nors Brasil and Nors Africa. Also one more business 
unit was created, Nors Ventures which includes the assets held by the Group and it 





Figure 3 – Organization Chart (Nors, 2014). 
 
Also at the end of 2012 the group had changed the management control system from the 
traditional budget management control system to Beyond Budgeting model. The adapted 
Beyond budgeting model was named “MyDarwin”.  
4.1.2 Management control system “MyDarwin” 
The Group Nors used the traditional budget management control system until 2012. This 
management control model was considered stable by the company to the extent that it 
was characterized by accuracy, attention to details, and was based on centralized control. 
But the company searched for alternatives to the traditional budget model in response to 
changes in the market. It was very important to have the possibility of defining ambitious 
goals, of establishing efficient plans with credible forecasts and of allocating resources 
more dynamically. To implement these concepts the company changed from the stable 
model (traditional budget model) to the dynamic model (Beyond Budgeting) at the end 
of 2012.  The model Beyond Budgeting, as it was mentioned in Chapter 2.2, has relative 
and evolving objectives, but it also has holistic assessment of performance, planning, 
forecasting, and dynamic resource allocation. 
The adapted model was named “MyDarwin” due to the influence of the theories of 
Charles Darwin: "It is not the strongest of the species that survives, nor the most 
intelligent, but the one most responsive to change”. The company believes that it should 
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be receptive to changes to ensure their profitability; regardless of whether the cycle 
market is positive or negative. 
The new model is based on 6 pillars (Nors, 2013): 
• Planning: planning is a continuous process; 
• Coordination: the interactions are coordinated dynamically; 
• Resources: resources are allocated "just-in-time" and not "just-in-case"; 
• Controls: information reporting flows quickly and openly to the different 
management levels; 
• Objectives: to beat the competition, not the budget; 
• Rewards: performance is assessed through benchmarking internal and external 
indicators rather than previously negotiated set goals. 
4.1.3 “My Darwin” support tools 
The Group Nors chose three Beyond Budgeting support tools to substitute the budget: 
Rolling Forecast 15 months, BSC, and Benchmarking. 
The construction of the rolling Forecast to 15 months consists of the sum of non-financial 
variables and historical assumptions. The first component is defined by the manager who 
is also responsible for detailed justification of the changes that occur from month to 
month. Adjusting the forecasts on a monthly basis regarding to environment changes 
gives a more realistic forecast for managers to work with. Managers can evaluate their 
actual performances in respect to the competition, market situation, and the results of their 
competitors. Using the Rolling Forecast it decreases the possibility of manipulating costs 
or revenues.  
“My Darwin” involves the change of performance indicators, because the goals are no 
longer fixed. Performance is assessed by internal and external benchmarking indicators, 
as well as the results from the previous year.  
The Rolling Forecast to 15 months is complemented by the BSC which enables strategic 
alignment and setting of ambitious goals. The BSC used before in the budget model was 
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implemented just in the principal areas of the business and it reflected financial short-
term measures linked to the budget. In the model Beyond Budgeting the BSC reflects 
financial and non-financial measures in the short, medium, and long term. It has no more 
than 25 Key Performance Indicators (KPI) and it allows to establish the connection 
between the strategic objectives and the financial vision. 
As mentioned in Chapter 2.3 the “classical” BSC is a full strategic planning and 
management system and normally translates mission and strategy into objectives and 
measures, organised into 4 perspectives: financial, customer, learning and growth, and 
internal processes. But this “classical” model is not working very well together with the 
management control system Beyond Budgeting as it has to provide managers with a 
strategic measurement framework that shows a dynamic picture from their perspective. 
In “My Darwin” the “classical” BSC has been improved using one more perspective that 
is the perspective of the dynamic management (Figure 4). In this perspective, the manager 
can change the strategy at any moment and does not need to wait for the end of the 
financial year. This makes the decision making process more flexible and dynamic. 
Managers are more capable of responding faster to new information and therefore make 
better decisions. 
 
Figure 4 – Balanced Scorecard “My Darwin”, adapted (Nors, 2013). 
 
4.2 Model implementation 
This study has been conducted on a company of the Nors Group, - Civiparts Portugal -, 
which is the leader in the Portuguese aftermarket for the distribution of parts for heavy 
vehicles, buses, and workshop equipment.  
The study is divided into 4 steps (Figure 5): 
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1. Collection of data and information containing global objectives, quantitative 
targets, and strategic initiatives;  
2. Calculation of the weights of the criteria and of the initiatives and evaluation of 
the initiatives; 
3. Development and solution of the GP model;  
4. Analysis of the results. 
 
Figure 5 – The steps of the proposed methodology. 
 
4.2.1 Criteria and initiatives assessment using AHP 
To start this project the DM’s objectives had first to be identified. Then, in order to be 
able to achieve such objectives, the possible initiatives were defined. The company 
defined a small set of initiatives and considered feasible and desirable. However, since it 
may not be possible to perform all of them, there is the need to evaluate the initiatives, as 
well as their contribution to the stated objectives. To proceed with the evaluation of both 
the objectives and the initiatives we resorted to the AHP.  
To apply the AHP method to this decision problem an expert group (DM) was created. 
The expert group consisted of three people: the director of the Planning and Performance 
Management department of Nors Group; the manager of the Planning and Management 
Control department of Nors Iberia, and the Aftermarket administrative manager of Nors 
Iberia.  
Various meetings were held with the DM in order to understand the context of the 
decision problem, to gather information regarding the decision problem, to find out which 
are the possible initiatives and to define the criteria to be used. 
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As referred to before, the aim of this study is the determination of the optimal plan of the 
initiatives to be taken, such that the company performance is improved to the required 
levels. In accordance with the financial vision of the company’s strategy, two main goals 
were defined: to increase EBIT and to decrease Employed Capital. These two goals 
contribute to the result of the main objective, i.e. increase of the Residual Revenue. It is 
important to note that the value of Residual Revenue also depends on the Weighted 
Average Cost of Capital (WACC). However, in our study this indicator is fixed and thus, 
it will be omitted. As it can be seen in Figure 6, to increase the EBIT it is necessary to 
increase Sales without decreasing the percentage of Gross Margin (GM %). Nevertheless, 
increasing Sales leads to an increase of Stock and Clients. Regarding the decrease of 
the Employed Capital, there are two important conditions that need to be satisfied in order 
to achieve this reduction: the decrease of Stock and the decrease of Clients. Thus, it 
can be concluded that these two goals are conflicting as we cannot achieve one without 








Figure 6 – Objective and goals definition. 
 


























- To decrease delivery time of products;
- To increase availability of products to clients.  
- To support client financing;






Then, the DM has identified the following seven initiatives as the ones to decide upon 
since they all are desirable and have positive contributions to most of the defined goals: 
 
Nº Initiative 
1 Implementation of a regional pricing policy 
2 Specialization in the bus segment 
3 Launch own brand ALEA 
4 Creation of catalogue 
5 Revision of the offer of turbos through the identification of new suppliers  
6 Increasing the loyalty and the penetration of the net Top Truck 
7 Strengthening of the technical support skills 
Table 3 – The list of initiatives. 
Measuring the objectives increase EBIT and decrease Employed Capital, have been 
operationalised by various financial indicators and KPIs to be used to assess each 
initiative. The set of  twenty-three financial indicators / KPIs selected by the DM is: 
EBITDA, Gross Margin (GM), Sales, Sales Costs, Amortization, Working Capital Needs 
(WCN), Customers, Suppliers, Stock, Fixed Assets, Indirect costs, Staff costs, Other 
indirect costs, Sales per Current fleet units (CFU), Gross Margin % (GM %), Number of 
Staff, Average cost per person, Staff Costs/Sales, Rented Area, Costs per m2, Indirect 
Costs/Sales, Average Receipt Term (ART), Average Payment Term (APT), Stock 
Rotation. More details on the chosen criteria are provided in the Glossary. 
Prior to the weight assessment of the initiatives a hierarchy of the problem must be 
constructed. In this hierarchy, which is graphically depicted in Figure 7, the first level of 
the tree is the global objective of the decision, which is to increase the Residual Revenue. 
The second level consists of two more specific objectives, to increase EBIT and decrease 
Employed Capital. Then these two financial indicators are divided into more specific 
financial indicators / KPIs. This can be seen in levels 3 to 6. Each financial indicator / 
KPI is marked by different colours and each colour represents one of the five perspectives 
of the “My Darwin” BSC (Figure 4). Finally, the last level consists of the set of initiatives 
(Table 3) that are to be assessed in terms of the financial indicators / KPIs specified in the 









In the following step, the DM has evaluated the relative importance of each criterion by 
performing pairwise comparisons of the defined criteria and providing a numerical 
evaluation using Saaty’s nine-point scale (Table 2). More specifically, the criteria were 
compared with respect to the objective or to the criterion that is immediately above in the 
hierarchy. According to the hierarchy tree, ten comparison matrices have been created. 
During the meetings with the expert group each manager gave his rating and then, 
whenever necessary, the ratings were discussed and adjusted in order to reach a 
consensus.  
Based on the comparison matrices the local and global weights have been calculated using 
the demo version of the software “MakeItRational”.  
The comparison matrices can be found in Appendix 1, while the corresponding local and 







Figure 8 – Criterion local weights (wlj). 
 
The local weights indicate the importance of each criterion with respect to the criterion 
on the higher level. So, the local weights allow ordering criteria according to their local 
importance. For example, on the second level of the hierarchy tree (Figure 8) the criterion 
EBIT with local weight 0.75 has been prioritized as the first criterion, followed by the 
criterion Capital Employed with local weight 0.25, to the objective Residual Revenue. 





Figure 9 – Criterion global weights (wgj). 
 
The global weights are calculated by multiplying the criterion local weight with the 
parent’s global weight (Figure 9). The example of calculation of the global weight is 
shown below (Equation (4.1)): 
Global weight of EBITDA (0.675) = Local weight of EBITDA (0.90) × Global weight of EBIT(0.75) 
(4.1) 
The sum of global weights on each level of the hierarchy must also be equal to 1. It is 
important to note that the global weights of the criteria Amortization and Fixed assets on 
the third level of the hierarchy (Figure 9) are also included in the sum of global weights 
on the fourth, fifth, and sixth levels. Moreover, the global weight of the criterion Sales 




A pairwise comparison is consistent and acceptable if the consistency ratio (CR) does not 
exceed 0.1. The CR was calculated using the “MakeItRational” software and among of 
all comparison matrices and it was never above 0.05. Thus, it can be concluded that the 
expert group has been consistent in the judgments and therefore, the returned relative 
criteria weights can be used in the decision making process. 
As it can be ascertained from Figure 9, on the last level of the hierarchy the GM% is the 
most important criterion for the assessment of the initiatives (global weight = 0.4307), 
while the Cost per m2, has been found to be the least important, with a global weight of 
just 0.0017. 
The procedure was then repeated to obtain the comparison matrices for evaluation of the 
set of possible initiatives.  The initiatives have been evaluated by the DM with respect to 
their contribution to the KPIs of the last level of the hierarchy. These evaluations were 
made using Saaty’s nine-point intensity scale (Table 2). In order to facilitate the 
assessment, the DM was asked to obtain the expected contribution of each initiative to 
each financial indicator / KPI of the last level of the hierarchy (Table 4). This numerical 
information served as a basis for the DM’s assessment. These expected values (𝑎𝑖𝑗) are 
used in the Goal-Programming model.  
 
Table 4 – Performance matrix. 
All pairwise comparison matrices for the initiatives are given in Appendix 2, while the 
corresponding local weights are given in Table 5.   The local weights of the initiatives 
Criteria (j ) 1 2 3 4 5 6 7
Sales costs -78.000 810.614 -140.510 0.000 198.000 225.000 0.000
Penetration: Sales per CFU 27.516 45.869 25.476 25.476 30.574 30.574 25.476
Gross Margin, % 0.671% 0.171% 0.580% 0.000% 0.063% -0.047% 0.000%
Number of staff 0.000 0.000 0.000 0.000 0.000 0.000 1.000
Average costs per person 0.000 0.000 0.000 0.000 0.000 0.029
Staff costs/Sales, % -0.044% -0.426% 0.000% 0.000% -0.110% -0.110% 0.124%
Rent, m2 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cost per m2 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Indirect costs/Sales, % -0.110% -0.466% 0.206% 0.165% -0.274% -0.274% 0.124%
Average Receipt Term -0.617 -0.162 0.000 0.000 -1.530 -1.530 0.000
Average Payment Term 0.235 2.351 0.273 -0.120 -0.590 -0.669 0.000




regarding each criterion are obtained by applying the eigenvalue method to each pairwise 
comparison matrix of the initiatives.  
In Table 5, the highest local weights of the initiatives with respect to the criteria are 
marked in green. The analysis of these values shows that none of the initiatives has the 
highest local weight in all criteria but the initiative 2 is more promising since it achieves 
the best value in 9 out of 12 criteria.  
 
Table 5 – Local weights of the initiatives (plij). 
The next step was to compute an overall relative importance score for each initiative, 
which is done by multiplying the criteria global weights (Figure 9) with the local weights 
of the initiatives (Table 5) as follows: 
𝑤𝑖 = ∑ (𝑤𝑔𝑗 × 𝑝𝑙𝑖𝑗), 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 = 1, 2, … , 𝑛𝑗∈𝐽   (4.2) 
The final overall relative score of each initiative are shown in Figure 10. The final output 

















































1 0.1090 0.3650 0.0810 0.1250 0.1540 0.0750 0.1430 0.1430 0.0950 0.1330 0.1610 0.0330
2 0.3670 0.1060 0.3930 0.1250 0.1540 0.3310 0.1430 0.1430 0.3510 0.1330 0.4810 0.4460
3 0.0407 0.3650 0.0810 0.1250 0.1540 0.0750 0.1430 0.1430 0.0540 0.0670 0.1480 0.0740
4 0.0407 0.0410 0.0360 0.1250 0.1540 0.0750 0.1430 0.1430 0.0540 0.0670 0.0580 0.0740
5 0.2010 0.0410 0.1870 0.1250 0.1540 0.2070 0.1430 0.1430 0.1750 0.2670 0.0290 0.1700
6 0.2010 0.0410 0.1870 0.1250 0.1540 0.1940 0.1430 0.1430 0.1750 0.2670 0.0290 0.1700







Figure 10 – Overall weights of initiatives (wi). 
 
4.2.2 Selection of a strategic plan using the Goal Programming model 
The next step of the study is building and solving a GP model.  
The initial purpose here is to select the set of the initiatives that will help to achieve the 
established objectives, namely to increase EBIT and to decrease Capital Employed. The 
integration of AHP scores in the model allows, whenever possible, to choose the 
initiatives respecting the DM’s preferences.  
The objective function of the GP model is the minimization of the undesirable deviations 
from the goals. This is done iteratively considering the goals in turn according to the 
priorities defined by the DM. The objective function, the goal constraints and the nature 
of the variables are as follows:  




subject to  
𝑃1 → 198𝑥1 + 239.39𝑥2 + 90.51𝑥3 − 40𝑥4 + 102𝑥5 + 75𝑥6 − 30𝑥7 + 𝑑1
− ≥ 283.08 (4.4) 
𝑃2 → 520𝑥2 − 300𝑥4 − 𝑑2
+ ≤ 500.09 (4.5) 
𝑃3 → 0.224𝑥1 + 0.189𝑥2 + 0.211𝑥3 + 0.063𝑥4 + 0.122𝑥5 + 0.122𝑥6 + 0.069𝑥7 + 𝑑3
− = 1  (4.6) 












4. Creation of catalogue
7. Strengthening of the technical support skills
5. Revision of the offer of turbos through the
identification of new suppliers
6. Increasing the loyalty and the penetration of
the net Top Truck
2. Specialization in the bus segment
3. Launch own brand ALEA
1. Implementation of a regional pricing policy
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Table 6 – The matrix of the objective function (Equation 4.3) system constraints. 
Type of constraints Financial indicator / KPI, j
EBITDA 198.000 239.386 90.510 -40.000 102.000 75.000 -30.000 ≥ 205.082
Working Capital Needs 0.000 520.000 0.000 -300.000 0.000 0.000 0.000 ≤ 500.095
Gross Margin 198.000 389.386 140.510 0.000 102.000 75.000 0.000 ≥ 659.498
Indirect costs 0.000 150.000 50.000 40.000 0.000 0.000 30.000 ≤ 454.416
Customers 0.000 300.000 0.000 0.000 0.000 0.000 0.000 ≤ 407.288
Suppliers 0.000 200.000 0.000 0.000 0.000 0.000 0.000 ≤ 593.333
Stock 0.000 420.000 0.000 -300.000 0.000 0.000 0.000 ≤ 686.140
Sales 120.000 1,200.000 0.000 0.000 300.000 300.000 0.000 ≥ 1,905.475
Sales costs -78.000 810.614 -140.510 0.000 198.000 225.000 0.000 ≤ 1,245.977
Staff costs 0.000 0.000 0.000 0.000 0.000 0.000 30.000 ≤ 214.861
Other indirect costs 0.000 150.000 50.000 40.000 0.000 0.000 0.000 ≤ 239.555
Penetration: Sales per UCF 27.516 45.869 25.476 25.476 30.574 30.574 25.476 ≥ 57.857
Gross Margin, % 0.007 0.002 0.006 0.000 0.001 0.000 0.000 ≥ 0.004
Number of staff 0.000 0.000 0.000 0.000 0.000 0.000 1.000 ≤ 1.000
Average costs per person 0.000 0.000 0.000 0.000 0.000 0.000 0.029 ≤ 2.340
Staff costs/Sales, % 0.000 -0.004 0.000 0.000 -0.001 -0.001 0.001 ≤ 0.002
Indirect costs/Sales, % -0.001 -0.005 0.002 0.002 -0.003 -0.003 0.001 ≤ 0.001
Average Receipt Term -0.617 -0.162 0.000 0.000 -1.530 -1.530 0.000 ≤ -3.433
Average Payment Term 0.235 2.351 0.273 -0.120 -0.590 -0.669 0.000 ≤ 5.699
Stock Rotation in days 0.462 3.929 0.835 -6.353 -1.154 -1.310 0.000 ≤ 6.698
Expected contribution of initiative i  to financial indicator / KPI  j, 
System constraints
Upper / lower bound for 






The first priority goal is to increase EBIT (Equation (4.4)). It has higher priority than the 
goal “to decrease Employed Capital” because the global weight (wgj) of the financial 
indicator EBIT is higher, namely 0.75. Equation (4.4) states that although the target value 
may not be achieved, this is undesirable. Therefore, the negative deviation 𝑑1
− from EBIT 
target value is minimized and has the highest priority. 
Equation (4.5) is associated with the second priority goal, i.e. to decrease Employed 
Capital. There is a target value for the Capital Employed and, contrary to the EBIT, this 
constraint is used to prevent an excessive value. Therefore, the positive deviation 𝑑2
+ from 
Capital Employed target value is minimized. 
The third goal constraint (Equation (4.6)) is associated with the execution of all initiatives, 
which is desirable. The DM’s preferences regarding the initiatives are taken into account 
by using in this constraint the global weights found for the initiatives as variables 
coefficients.  
Finally, Equations (4.7) and (4.8) state the nature of the variables. 
The model was solved using the Solver add-in function from Microsoft Excel and an 
optimal solution has been found. The solution is summarized in Table 7. 
  






1 198 0 1 0.224
2 239 520 1 0.189
3 0 0 0 0.211
4 -40 -300 1 0.063
5 102 0 1 0.122
6 75 0 1 0.122
7 -30 0 1 0.069










4.2.3 Analysis of results 
The proposed method consists of two main steps: (i) the assessment of the DM’s 
preferences regarding the initiatives, using the AHP; and (ii) the selection of a strategic 
plan using the GP. The results are therefore also discussed separately.  
The relative importance scores of the financial indicators / KPI’s are presented in Figure 
9. It may be seen that in the last level of the hierarchy the KPIs GM% (0.4307) and 
Average Receipt Term (0.1458) are significantly more important than the others, while 
the KPI Cost per m2 (0.0017) is seen as being the least important. The matrix of relative 
importance of the initiatives (Table 5) shows the local weights of each initiative with 
regard to KPIs. The analysis of the initiatives local weights demonstrates that none of the 
initiatives has the best performance in all criteria but initiative 2 achieves the best value 
in 9 out of 12 criteria. The influence of the initiatives on each KPI may also be read 
directly from Table 5. For example, initiative 2 (Specialization in the bus segment) has 
the largest influence on KPIs Sales per CFU (0.3670) and Cost / Sales (0.3510), but it has 
the least influence on GM % (0.1060); while initiative 1 (Implementation of the regional 
pricing policy) has the largest influence on GM % (0.3650) and the least influence on 
Sales Costs (0.0810).  
The final AHP results are presented in Figure 10. These results show that the most 
preferred initiative is initiative 1 (Implementation of a regional pricing policy) since it is 
associated with the largest AHP overall score (0.224). As it was referred to before in 
Section 3.4.2.1, the overall score of initiatives takes into account not only the initiatives 
performance, but also the performance of the financial indicators / KPIs. Hence, initiative 
1 (Implementation of a regional pricing policy) has the largest overall score because it is 
the initiative that contributes the most to the two most important KPIs, namely GM % and 
ART. The initiative with the smallest AHP overall score (0.063) is initiative 4 (Creation 
of catalogue). This initiative, contrary to initiative 1, provides the lowest contribution to 
KPIs GM % and ART.  
In the optimal solution of the GP model, six initiatives are selected and the goals of the 
first and second priorities are fully satisfied, i.e. the deviations are 0. Regarding to the 
third priority, the deviation has a positive value since the third initiative is not undertaken.  
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After applying the first priority goal, “to increase EBIT”, a set of solutions is obtained 
that  provides a value that is equal to, or larger, than the target value of the goal, that is, 
leads to a zero deviation ( 𝑑1
− = 0). For example, one of the solutions comprises of the 
following initiatives: 1, 2, 4, 5, and 6 (EBIT = 574.39, Capital Employed=220 
and ∑ 𝑤𝑖𝑖∈𝐼 = 0.72). This set also comprises other 4 solutions that are not equally good 
regarding the other priority goals. For example, the solution involving the execution of 
initiatives 1, 2, 5, 6 and 7, that has an EBIT = 614.39 requires an Employed Capital value 
above the target value set by the company, namely Capital Employed = 520 with 𝑑2
+ =
19.9.  It is important to note, that any admissible solution has to include the initiative 2 
not to violate the system constraints, namely Gross Margin and Sales.  
The minimization of the deviation regarding the second priority goal, “to decrease Capital 
Employed”, also leads to a set of solutions with 𝑑2
+ = 0. This set is smaller, since all 
solutions with a positive value for the excessive Capital Employed variable are now 
eliminated and it includes only two admissible solutions: a) i = 1, 2, 4, 5, 6 and 7 (EBIT 
= 544.39, Capital Employed = 220 and ∑ 𝑤𝑖𝑖∈𝐼 = 0.789) and b) i = 1, 2, 4, 5 and 6 (EBIT 
= 574.39, Capital Employed = 220 and ∑ 𝑤𝑖𝑖∈𝐼 = 0.72). Both solutions are equally good 
to the first and the second priority goals as the deviations are equal to 0. Also both 
solutions do not include the second most preferred initiative, namely initiative 3 as it 
could not be selected simultaneously with initiative 4, due to the system constraints. Since 
the system constraints impose the execution of initiative 2, all admissible solutions have 
to include the initiative 4 to satisfy the second priority goal with the deviation equal to 0.  
Finally, when the last priority goal is considered, the optimal solution is the one presented 
in Table 7. Since the third priority goal is associated with maximizing the weighted sum 
of the performed initiatives, the solution a) is selected as the single optimal solution 
(0.789 vs 0.720). The final set of the selected initiatives is presented in Table 8. Only 




Table 8 – Strategic plan. 
  
Initiative
1. Implementation of a regional pricing policy
2. Specialization in the bus segment
4. Creation of catalogue
5. Revision of the offer of turbos through the identification of new suppliers 
6. Increasing the loyalty and the penetration of the net Top Truck
7. Strengthening of the technical support skills
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Chapter 5 – Conclusions 
The objective of this study was to present an application of the AHP-GP approach to the 
problem of selecting strategic plans. The proposed model integrates the financial vision 
of the strategy with a strategic plan (plan of initiatives). As far as we are aware of, this is 
the first research work addressing the problem of selecting strategic plans using an AHP-
GP model. The AHP is used to obtain relative importance weights for the initiatives and 
the results are integrated with a GP model that was performed in such a way that financial 
indicators / KPI’s values are driven to established goals.  
The proposed AHP-GP model was developed and implemented during the traineeship at 
Group Nors. This case study provided the motivation for the research and served to 
illustrate how the suggested framework can be applied in practice. The case study solution 
is a strategic plan that consists of six initiatives (Table 8). These initiatives were evaluated 
and then selected from an initial set of seven initiatives.  The expert group found the final 
result satisfactory and consistent with their expectations.  
The research conducted in this dissertation also helped to achieve a better insight into the 
benefits that can be derived using the combined AHP-GP approach, which are the 
following: 
1. The use of the AHP method provides a more systematic way to assess and quantify 
relative importance of initiatives with respect to specific financial indicators / 
KPI’s. The DM also holds the opinion that the AHP approach translates into more 
effective group decision-making. For example, in this study, it could be observed 
that it was easier for the expert group to reach a consensus during the preference 
elicitation process (which was based on pairwise comparisons) than in some 
general discussions taking place in the company.  
2. This method allows for performing “what-if analyses”, i.e. to change the weights 
of the initiatives; to add or to delete goals and initiatives, and to change the 
preference of goals.  
The applied research work reported in this dissertation has some limitations. The first one 
is related to the short time period available to carry out this work during the traineeship 
in Nors Group. Another limitation was the time required to complete all the AHP pairwise 
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comparisons. The process of gathering this information can become a cumbersome task 
if the number of financial indicators / KPI’s and initiatives is large, which is the case in 
the reported study. Finally, due to the aforementioned time restrictions we opt for a 
simpler model, which does not take into account restrictions related to risk and human 
resources. The incorporation of these variables into the model would enrich the analysis.  
Some of these limitations may provide opportunities for future research. One of the future 
directions could be to solve this problem using more restrictions, i.e., available human 
resources to undertake the initiatives and required human resources by each initiative, 
risk factor of initiatives and risk tolerated for the strategic plan. Another opportunity for 
future research is to compare the results returned by the AHP-GP approach to the problem 








Arunraj N., S. and Mait J. (2010), "Risk-based maintenance policy selection using AHP 
and Goal Programming", Safety Science, Vol. 48(2), pp. 238–247. 
Ayag Z. and Özdemirb R., G. (2007), "A combined fuzzy AHP-Goal Programming 
approach to assembly-line selection", Journal of Intelligent & Fuzzy Systems, Vol. 18(4), 
pp. 345–362. 
Balanced Scorecard Institute, a Strategy Management Group company (2013), 
Balanced Scorecard Institute. - BS Institute, 29 December 2013, 
https://balancedscorecard.org/Resources/AbouttheBalancedScorecard/tabid/55/Default.a
spx. 
Bana e Costa C., A. and Vansnick JC. (2008), "A critical analysis of the eigenvalue 
method used to derive priorities in AHP", European journal of operational research, Vol. 
187(3), pp. 1422-1428. 
Beinhocker E., D. (2006), The Origin of Wealth,  London, UK: Random House. 
Bertolini M. and Bevilacqua M. (2006), "A combined Goal Programming-AHP 
approach to maintenance selection problem", Reliability Engineering and System Safety, 
Vol. 91(7),  pp. 839–848. 
Beyond Budgeting Institute: from Command & Control to Empower & Adapt 
(2013),  BBRT, 29 December 2013, http://www.bbrt.org/. 
Branke, J., Deb, K., Miettinen, K. and Słowinski, R. (2008), Multiobjective 
optimization. Interactive and Evolutionary Approaches, Berlin: Springer. 
Caramia M. and Dell'Olmo P. (2008), Multi-objective Management in Freight 
Logistics, Berlin: Springer. 
Chandler A. (1962), Strategy and Structure, Cambridge: MIT Press. 
Charnes A. and Cooper W. (1961), Management models and industrial applications of 
linear programming, New York: Wiley. 
54 
 
Charnes A. and Cooper W., W. (1977), "Goal Programming and Multiple Objective 
Optimization - Part I", European Journal of Operational Research, Vol. 1, pp. 39-54. 
Cheng, E., & Li, H. (2002). "Construction partnering process and associated critical 
success factors: quantitative investigation", Journal of Management in Engineering, 
Vol.18(4), pp. 194–202. 
Daum J. (2003), "The Origins of Beyond Budgeting and of the Beyond Budgeting Round 
Table (BBRT) – an Interview with Jeremy Hope", ControllerNews – Zeitschrift für 
Controlling und Unternehmensführung, November 2003, Nº 5, pp. 168-171. 
Flavell R., B. (1976), "A new Goal Programming formulation", Omega, Vol. 4(6), 
pp.731-732 . 
Fonte, S., A. (2013), "Controlo de Gestão Orçamental", Master dissertation, The  
Catholic University of Portugal, Porto. 
Gass S., I. (1987), "A process for determining priorities and weights for large scale linear 
goal programms", Journal of the Operational Research Society, Vol. 37, pp. 779-785. 
Goodwin, P. and Wright, G. (2004), Decision Analysis for Management Judgment, 
Chichester: John Wiley and Sons. 
Grant R., M. and Jordan J. (2012), Foundations of Strategy, Chichester : John Wiley 
& Sons. 
Ho, W. (2007), "Combining analytic hierarchy process and Goal Programming for 
logistics distribution network design" Systems, Man and Cybernetics, IEEE International 
Conference, Montreal, pp. 714-719 
Ho, W., Xu, X., & Dey, P. (2010), "Multi-criterion decision making approaches for 
supplier evaluation and selection: a literature review" European Journal of Operational 
Research , Vol. 202(1), pp. 16-24. 
Hope, J., Fraser, R., Bunce, P. and Röösli, F. (2006), "Beyond Budgeting", Beyond 
Budgeting Round Table, http://bbrt.org/   
55 
 
Hope J. and Fraser R. (1997), "Beyond budgeting. Breaking through the barrier to the 
"the third wave"", Management Accounting, Vol. 75(11), pp. 20–23. 
Hope J. and Fraser R. (2001), "Beyond Budgeting: questions and answers", Beyond 
Budgeting Round Table, http://bbrt.org/   
Hope J. and Fraser R. (2003), Beyond Budgeting: How managers can break free from 
the annual performance trap, Boston : Harvard Business School Press. 
Hughes A.,J. and Grawoig D.,E. (1973), Linear Programming: An Emphasis on 
Decision Making, London: Addison-Wesley Publishing Company Inc. 
Ignizio J., P. (1985), Introduction to linear goal programming, London: Sage 
Publications. 
Investopedia (2014), Financial Dictionary, 19 June 2014, 
http://www.investopedia.com/dictionary/ 
Johnson G., Whittington R. and Scholes K. (2011), Exploring strategy, Harlow: 
Financial Times Prentice Hall. 
Jones D. and Tamiz M. (2010), Pratical Goal Programming, Berlin: Springer. 
Kahraman, C., Cebeci, U., & Ulukan, Z. (2003), "Multi-criterion supplier selection 
using fuzzy AHP",  Logistics Information Management , Vol. 16(6), pp. 382-394. 
Kaplan R. and Norton D. (2005), Creating the Office of Strategy Management, Boston: 
MA: Harvard Business School Press. 
Kaplan R. and Norton D. (2008), "Mastering the Management System", Harvard 
Business Review, pp. 62-77. 
Kaplan R. and Norton D. (1996), The Balanced Scorecard, Boston: Harvard Business 
School Press. 
Kenneth A. (1971), The Concept of Corporate strategy, Homewood: Irwin. 
Krüger, H. A., & Hattingh, J. M. (2006), A combined AHP-GP model to allocate 
internal auditing time to projects. The Journal of ORSSA, Vol. 22(1), pp. 59–76. 
56 
 
Larbani, M., & Aouni, B. (2007), On the Pareto Optimality in Goal Programming. 
ASAC, Ottawa. 
Nors (2013), Group performance book "Manual MyDarwin", Porto. 
Nors: About Nors (2014), 23 April 2014, http://www.nors.com/en/about-nors/our-
history.aspx 
Østergen K. and Stensaker I. (2011), "Management Control without Budgets: A Field 
Study of ‘Beyond Budgeting’ in Practice", European Accounting Review,  Vol. 20(1), pp. 
149–181. 
Rodríguez-Uría, M.V., Caballero, R., Ruiz, F. and Romero, C. (2002), "Meta-Goal 
Programming", European Journal of Operational Research, Vol. 136(2),  pp. 422–429. 
Saaty T. (1990), "How to make a decision: The analytic hierarchy process", Journal of 
Operational Research, Vol. 48(1), pp. 9-26. 
Sedzro, K., Marouane, A. and Assogbavi, T. (2012). Analytical Hierarchy Process and 
Goal Programming Approach for Asset Allocation. Journal of Mathematical Finance , 
Vol. 2(1), pp. 96-104. 
Spronk J. (1981), Interactive Multiple Goal Programming. Aplications to Financial 








Residual Revenue – the operating profit earned by the company minus the cost of 
financing the company's capital (Residual Revenue = EBIT–Employed Capital*WACC) 
(Nors, 2013). 
EBIT – an indicator of a company's profitability, calculated as revenue minus expenses, 
excluding taxes and interest. EBIT is also referred to as the "operating profit" 
(EBIT=EBITDA–Amortization) (Investopedia, 2014).  
Capital Employed – a business indicator that assesses capital use from the manager's 
point of view (Capital Employed=Fixed Assets+Working Capital Needs) (Nors, 2013). 
Weighted Average Cost of Capital (WACC) – discount rate used in analysing future 
cash flows (Nors, 2013). 
EBITDA – an indicator of a company's financial performance computed as 
EBITDA=Revenue–Expenses (excluding taxes, interest, depreciation and amortization) 
(Investopedia, 2014). 
Working Capital Needs (WCN) – a measure of both a company's efficiency and its 
short-term financial health. It arises from the difference between a company's cyclical 
needs (stocks, customers, advances to suppliers, state and others) and the cyclical 
resources at its disposal (suppliers, customer advances, state and others): 
WCN=Stocks+Customers+Other debtors–Suppliers–Other creditors (Nors, 2013). 
Gross Margin (GM) – the difference between revenue and cost before accounting for 
certain other costs: GM=Revenue-Sales Costs. It can be expressed in relative form: 
GM%=(Revenue-Sales costs)/Revenue (Investopedia, 2014). 
Average Receipt Term (ART) – the ratio that measures the speed with which customers 
usually pay their debts (ART=Customers/Sales*365). A high ratio is, in financial terms, 
unfavorable, sometimes showing inefficiency in the collection department or lack of 
company negotiating power towards its customers (Nors, 2013). 
Average Payment Term (APT) – the ratio that measures the speed with which the 
company usually pays its debts to suppliers. The lower the ratio, the less financing the 
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suppliers makes to the transaction (APT=Suppliers/(Sales costs+Indirect costs(excluding 
staff costs))*365). It could also reveal a lack of the company's negotiating power with its 
suppliers. But a very high value could imply the company is having difficulties in meeting 
its obligations (Nors, 2013).    
Stock Rotation in days – the ratio that shows how efficiently the company manages its 
warehouses and stocks (Stock Rotation in days=Stock/Sales*365). A low ratio is seen as 
an efficiency indicator. However, if the rotation is too low it could mean that the company 
is losing sales due to a lack of stocks of frequent stock outages (Nors, 2013).  
Current fleet units (CFU) – new units sold of heavy vehicles (total market) between -5 
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